INTRODUCTION
============

Traffic-related air pollutants in cities are reported by many studies as causing respiratory diseases, including asthma, as well as increasing the number of deaths from cardiovascular diseases or lung cancer \[[@b1-eht-32-e2017010]-[@b3-eht-32-e2017010]\].

It has been discovered by many studies that inhalation of fine dust, one of the main emissions from mobile sources, may increase the risk of death from underlying diseases in the heart and lungs as its concentration level rises \[[@b4-eht-32-e2017010]\]. The contaminants emitted from such mobile sources may vary in concentration depending on the regions. In particular, people may have a higher chance of being exposed to such contaminants when riding an automobile and a bicycle or walking in the cities \[[@b5-eht-32-e2017010]\]. The city of Seoul, which is composed of 25 administrative districts, is also conducting a study with the objective of ensuring policy level protection from contaminants by estimating the number of people exposed to contaminants. Control and oversight are being provided, however, using population statistics calculated from the official census count. The floating populations by region and time, however, are quite dissimilar. Their exposure to environmental contaminants is closely related to their activity pattern per unit of time \[[@b6-eht-32-e2017010]\], the regional floating population change, and their activity pattern. To expedite the introduction of a policy such as control of automobile entry by area and time, it is all the more important to study the floating populations by area and time in the city of Seoul.

In this study, the changing trend in the floating population by area in Seoul was determined by checking the turnover rate through an analysis of the number of metro riders. For this purpose, the floating population is defined as the number of people at a given point in time who are in transit from one place to another.

METHODS
=======

Calculation of the Floating Population in Seoul
-----------------------------------------------

Objective data related to the population flow are required to calculate the size of the floating population in Seoul, but no such data on the interregional people flow with the required accuracy is available, due to some practical issues. Manhattan, one of biggest cities in the US, has analyzed its public transport usage status and calculated the floating population \[[@b7-eht-32-e2017010]\]. The usage rate of the metro (subway) system in Manhattan was similar to that of Seoul. Therefore, the number of riders by station throughout the 282 metro stations in Seoul was analyzed. The number of subway stations in each area is as follows. The numbers of subway stations in Gangnam-gu, Gangdong-gu, Gangbuk-gu, Gangseo-gu, Gwanak-gu, Gwangjin-gu, Guro-gu, Geumcheon-gu, Nowon-gu, Dobong-gu, Dongdaemun-gu, Dongjag-gu, Mapo-gu, Seodaemun-gu, Seongdong-gu, Seocho-gu, Songpa-gu, Seongbuk-gu, Yeongdeungpo-gu, Yongsan-gu, Jongno-gu, Jung-gu, Yangcheon-gu, Eunpyeong-gu, and Jungrang-gu are 22, 10, 4, 19, 4, 10, 7, 1, 11, 3, 6, 16, 15, 5, 14, 15, 22, 9, 16, 10, 15, 22, 6, 13, and 7, respectively. The metro riders account for about 54% of the total public transport riders in Seoul, thereby making it a challenge to calculate the exact interregional moving trend \[[@b8-eht-32-e2017010]\], but it was determined that the number of such riders could be applicable if their flow rate was to be analyzed ([Table 1](#t1-eht-32-e2017010){ref-type="table"}).

The information on the Seoul metro lines that are currently in service was analyzed by collecting information from metro lines \#1 to \#4 as well as from the KORAIL lines and from metro lines \#5 to \#8 and metro line \#9. Some data were collected from the 2011 data, which contains information on the 282 stations, excluding a few stations that do not provide the relevant data.

The authors confirmed the locations of stations by administrative district before checking the hourly number of riders getting on and off the trains at each station. The hourly size of the floating population in each region was calculated by converting the hourly number of riders getting on and off the trains as compared to the total number of daily riders getting on and off the trains in the stations across the 25 wards into their respective ratios. For the hours when the metros are not running, it was assumed that the residents of each region are staying in their respective regions from 1 to 4 a.m., setting the population as specified in the resident registry as the basis for calculation.

Calculation of Excess Deaths Due to Exposure to PM~10~
------------------------------------------------------

To estimate the number of excess deaths due to exposure to particulate matter less than 10 μm in aerodynamic diameter (PM~10~) for this analysis, the log-linear C-R function used by Lee et al. \[[@b9-eht-32-e2017010]\] was employed.

 ΔN = Y~0~ (exp (-βΔP)-1))^\*^Pop

 ΔN: Number of excess deaths after 20% reduction of PM~10~

 Y~0~: Number of excess deaths before 20% reduction of PM~10~

 β: Proportional constant ( = in \[relative risk\]/ΔPM)

 ΔP: Variation in the concentration of the contaminants

 Pop: Population

The relative risk for the fine dust and nitrogen dioxide adopted in this study was calculated based on overseas study results, as local study results are not available \[[@b10-eht-32-e2017010],[@b11-eht-32-e2017010]\]. Assuming a 20% reduction in emissions, we estimated the number of deaths that could be prevented. PM~10~ concentration was determined by using data collected from roadside monitoring stations.

RESULTS
=======

Calculation of Population Based on the Number of Metro Riders
-------------------------------------------------------------

The default value for the calculation of the floating population was based on the population within the respective official census count per district as specified in the resident registry, while the population as of 2011 was assumed as the base year for the analysis of the number of metro riders.

To calculate the hourly change ratio based on the number of metro users, a database was prepared by classifying the riders along the regions where the 282 metro stations were located. Because stations were located in each region, it was judged that the reliability of the data would be improved by estimating the floating population through the calculation of their respective ratios. The limitation of these data is that some of the relevant information, including the number of people traveling to and from the other satellite cities in Gyeonggi-do, or to and from Incheon, could not be verified. Still, it was concluded that a 54% usage rate would be sufficient for verifying the ratio of the overall population change by region. The hourly population ratio for 20 hours during the operation hours of the metro system from 5 to 1 a.m. was calculated, and the population size was calculated by applying the hourly population ratio to the regional population as specified in the official census count to estimate the hourly floating population ([Table 2](#t2-eht-32-e2017010){ref-type="table"}). The number of people moving from 5 a.m. to the following 1 a.m. could not be precisely calculated when the population size was applied, so the estimations are of necessity imprecise, but no problem was observed that would have triggered a significant shift in the population change rate. The imprecision is understood to have stemmed from the impact of the non-returning population or from the outgoing or inflowing population from the other regions. The number of people during the period from 1 to 5 a.m., when the metro is not operating, was set based on the number of residents specified in the resident registry and assumed to be staying in the given region.

The calculation of the regional floating population showed three main population flow patterns. Type A showed that the floating population increased during work hours, but decreased during the after-work hours; this pattern was found in the districts of Gangnam-gu, Geumcheon-gu, Mapo-gu, Seodaemun-gu, Seocho-gu, Yeongdeungpo-gu, Yongsan-gu, Jongno-gu, and Jung-gu. Type B had a population decrease compared to the usual number, as people migrated to the type B regions, with the applicable districts being Gangdong-gu, Gangbuk-gu, Gangseo-gu, Gwanak-gu, Gwangjin-gu, Guro-gu, Nowon-gu, Dobong-gu, Seongdong-gu, Seongbuk-gu, Yangcheon-gu, Eunpyeong-gu, and Jungrang-gu. Type C showed that the population inflow-outflow trend was not stable or sustained; this pattern characterized Dongdaemun-gu and Songpa-gu. In the case of types A and B, the extent of the population inflow and outflow varied significantly by region. The population increase was significant during work hours in Gangnam-gu, Geumcheon-gu, Jongno-gu, and Jung-gu compared to the other districts, whereas the population decrease was pronounced in Dobong-gu, Gangbu-gu, Gwanak-gu, Eunpyeong-gu, Gangseo-gu, and Nowon-gu. Such changes in the flow pattern are believed to be closely related to the number of businesses or homes per area. In the case of the type C districts, such as Dongdaemun-gu and Songpa-gu, the population inflow and outflow were similar in different hours, suggesting that their living patterns are somewhat different from those in the other districts. The study had limitations, however, in classifying the indoor or outdoor population or the number of people by subregion. Such data could have been derived by applying the indoor/outdoor activity hours provided by the National Statistical Office, but it would have been a stretch to apply the data to this study.

Calculation of the Number of Deaths That Can Be Prevented With the Reduction of PM~10~
--------------------------------------------------------------------------------------

The number of possible annual deaths was estimated by applying the resident population specified in the resident registry. The number of possible annual deaths due to PM~10~ was determined to be 1233 across the 14 districts where there are roadside monitoring stations, including 24 in Jung-gu, 43 in Yongsan-gu, 35 in Jongno-gu, and 83 in Dongdaemun-gu.

When the number of mobile sources was reduced by 20%, the number of excess deaths among those specified in the resident registry that can be prevented was 15 in Jung-gu and 33 in Yongsan-gu. The number of excess deaths that can be prevented can either drop or rise depending on the change in the hourly floating population. The results of this study do not suggest that the deaths are occurring by the hour based on the number of excess deaths that can be prevented, but that the traffic policy should be applied differently depending on the size of the floating population.

DISCUSSION
==========

The results of the floating population in this study can be confirmed by checking the number of economically active people per district, suggesting that the data obtained will be useful for policy application with the hourly population trends.

This study has the following limitations: (1) the different activities of the floating population, depending on indoor or outdoor presence, were not confirmed; and (2) interregional movement by other public transport systems besides the metro system could not be considered. However, the disadvantages were offset by calculating the metro's inflow and outflow ratio of people per unit of time in relation to the total floating population of each region. In particular, a rate of 54% of metro usage in public transport makes for a high degree of reliability in application.

The Seoul Metropolitan Government provides the density of workers to a given population by surveying the density of workers and population per region \[[@b12-eht-32-e2017010]\]. The density of workers per population was highest in Jung-gu (262.7) according to this study, followed by Jongno-u (131.1), Gangnam-gu (110.8), Seocho-gu (89.9), and Geumcheon-gu (75.0), suggesting a density higher than the average level, while that of Eunpyeong-gu was 15.8; that of Nowon-gu and Dobong-gu, 17.1 for each; that of Gangbuk-gu, 19.6; and that of Gwanak-gu, 19.9. The density of workers per given population was similar to patterns of types A and B in the results of this study, suggesting that the application of the hourly ratio to metro riders in the calculation of the floating population is plausible.

The number of excess deaths was calculated based on the scenario in which people are continuously exposed to the concentration levels measured by the roadside measurement network for one year. Somewhat different results are expected if the indoor space or interregional migration will be counted in as well. Given that the hazard inflicted on the human body by mobile sources as well as the need to reduce such contaminants was confirmed, however, the study results are believed to be helpful for policy application.

Continued studies should be conducted to ensure the minimization of the exposure to contaminants, while a more effective policy that considers the floating population should be adopted.

This work was carried out with the support of "Health Risk Assessment for Population Exposure Due to Vehicle Emission" of the Korea Automobile Environmental Association, Republic of Korea.
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###### 

Average use of public transport on weekdays in the metropolitan area in 2012

  Region                                                        Total of bus and metro users (n)   Bus             Metro                                 
  ------------------------------------------------------------- ---------------------------------- --------------- ------------------ ------------------ ------------------
  Total                                                         20 421 806                         854 469 (4.2)   9 591 788 (47.0)   2 488 967 (12.2)   7 486 582 (36.7)
  Seoul                                                         10 544 507                         308 008 (2.9)   4 205 683 (39.9)   305 037 (2.9)      5 725 779 (54.3)
  Incheon                                                       1 101 862                          16 011 (1.5)    483 539 (43.9)     196 794 (17.9)     405 518 (36.8)
  Gyeonggi                                                      6 120 978                          519 419 (8.5)   3 487 847 (57.0)   807 977 (13.2)     1 305 735 (21.3)
  The others^[a](#tfn1-eht-32-e2017010){ref-type="table-fn"}^   2 654 459                          11 031 (0.4)    1 414 719 (53.3)   1 179 159 (44.4)   49 550 (1.9)

Values are presented as number (%).

The others are areas that are not in the metropolitan area.

###### 

The ratio of the average change in the number of daily passengers on weekdays on the metro in 2012

  Region (gu)    Changes in the ratio of the number of metro passengers ( %)                                                                                                                                       
  -------------- ------------------------------------------------------------- ------ ------- ------- ------ ------ ------ ------ ------ ------ ------ ------ -------- ------- ------- ------ ------ ------ ------ -----
  Gangnam        -0.3                                                          1.3    5.1     19.5    13.1   3.9    1.6    0.6    0.4    -0.4   -1.6   -2.0   -3.7     -12.0   -8.2    -5.1   -5.6   -4.8   -1.6   0.0
  Gangdong       -1.3                                                          -2.1   -8.7    -7.6    -3.4   -1.6   -1.4   -1.2   -0.7   0.1    0.5    1.1    1.0      3.4     6.9     3.7    3.3    3.8    3.2    1.2
  Gangbuk        -1.4                                                          -3.6   -12.6   -9.0    -3.4   -1.5   -1.0   -0.8   -0.6   0.1    0.5    1.1    1.4      4.3     8.1     4.9    4.0    4.8    3.4    1.1
  Gangseo        -1.3                                                          -2.0   -8.9    -8.2    -3.2   -2.0   -1.5   -1.4   -1.0   -0.3   0.4    1.0    1.2      4.3     6.8     4.2    3.7    3.8    3.1    1.1
  Gwanak         -1.8                                                          -2.9   -11.1   -12.4   -3.7   -0.8   -0.6   -0.5   -0.4   0.1    0.6    0.8    1.2      4.4     7.9     4.7    4.0    4.9    3.7    1.8
  Gwangjin       -1.0                                                          -0.9   -4.5    -3.7    -0.9   0.1    0.0    0.1    0.0    -0.1   -0.2   -0.4   -0.5     2.2     4.1     1.3    0.8    1.2    1.4    0.9
  Guro           -2.2                                                          -2.6   -7.5    -0.8    -1.4   -1.1   -1.0   -1.0   -0.6   -0.1   0.3    0.6    0.7      -0.7    3.3     2.9    3.2    3.5    2.8    1.5
  Geumcheon      -0.2                                                          1.2    8.2     32.9    13.3   3.0    1.7    1.1    0.5    0.1    -0.7   -1.7   -6.3 -   21.4    -11.7   -7.2   -7.6   -3.9   -1.4   0.0
  Nowon          -1.3                                                          -2.9   -10.1   -7.2    -2.3   -1.7   -1.5   -1.4   -0.9   -0.3   0.0    0.6    1.3      4.1     7.4     4.3    3.5    3.6    3.3    1.5
  Dobong         -1.9                                                          -3.9   -16.0   -10.8   -2.6   1.0    -0.1   -0.9   -1.1   -1.2   -1.2   -0.7   0.4      3.8     8.5     6.5    5.9    6.2    5.3    2.7
  Dongdaemun     -0.8                                                          -1.1   -4.4    3.3     0.7    0.1    -0.1   -0.3   0.5    0.6    -0.3   -0.8   -1.6     -3.8    0.7     1.3    1.3    1.9    1.9    0.8
  Dongjak        -1.3                                                          -1.4   -6.1    -5.9    -2.0   -1.2   -1.0   -1.0   -0.7   -0.2   0.3    0.6    0.7      3.1     5.4     2.7    2.2    2.4    2.2    1.0
  Mapo           -0.6                                                          -0.2   -1.7    4.6     2.2    0.4    0.0    0.0    -0.1   0.1    -0.2   -0.2   -0.9     -2.3    1.3     -0.3   -1.4   -1.2   0.0    0.4
  Seodaemun      -0.9                                                          -0.8   0.4     12.9    6.6    0.1    -0.8   -0.6   -0.3   -0.5   -0.7   -0.5   -1.7 -   11.2    -2.4    -1.1   -1.2   0.8    1.2    0.6
  Seocho         -0.1                                                          1.7    3.3     9.8     5.5    1.8    0.9    0.6    0.4    0.1    -0.9   -1.5   -2.9     -5.3    -2.7    -3.3   -3.7   -3.2   -0.6   0.3
  Seongdong      -1.2                                                          -1.4   -5.8    -4.0    -2.0   -1.2   -1.1   -0.8   -0.5   -0.1   0.3    0.4    0.6      2.1     4.5     2.3    2.1    2.6    2.2    1.0
  Seongbuk       -1.2                                                          -1.6   -6.5    -3.5    -0.7   -0.4   -0.8   -0.7   -0.6   -0.3   0.0    -0.1   -0.4     1.6     4.7     2.5    1.9    2.6    2.3    1.1
  Songpa         -0.6                                                          -0.1   -3.4    2.4     1.2    0.0    -0.1   -0.4   -0.2   -0.1   -0.4   -0.4   -1.2     -2.1    2.0     0.5    0.0    0.5    1.4    0.9
  Yangcheon      -0.9                                                          -2.0   -7.9    -4.9    -0.2   -0.6   -0.6   -0.5   0.0    0.4    0.4    0.5    0.6      2.7     5.2     1.5    1.5    1.8    2.3    0.9
  Yeongdeungpo   -0.8                                                          0.1    3.4     10.7    4.8    1.2    0.8    0.5    0.1    -0.3   -0.9   -2.2   -6.5     -5.2    -2.6    -2.4   -1.6   0.0    0.5    0.4
  Yongsan        -0.9                                                          0.5    1.4     4.5     2.8    1.4    1.2    1.2    1.5    0.6    -0.2   -1.0   -1.9     -2.3    0.2     -1.7   -3.1   -3.7   -1.0   0.4
  Eunpyeong      -1.4                                                          -2.3   -8.9    -7.4    -2.9   -1.9   -1.6   -1.3   -1.2   -0.5   0.0    0.8    1.1      3.9     6.6     4.1    3.6    4.1    3.6    1.4
  Jongno         -0.4                                                          1.2    5.3     16.6    7.3    3.1    2.3    1.5    1.1    0.0    -1.4   -2.9   -4.5 -   10.5    -4.9    -4.4   -5.1   -3.6   -0.9   0.1
  Jung           -0.7                                                          0.7    3.4     15.4    7.1    2.6    0.9    0.1    0.1    -0.4   -1.5   -2.1   -3.5     -8.5    -4.4    -3.2   -3.3   -2.9   -0.1   0.2
  Jungnang       -1.8                                                          -2.5   -9.5    -9.3    -4.5   -2.2   -1.6   -1.4   -1.0   -0.3   0.7    1.4    1.8      4.7     7.3     4.5    4.1    4.5    3.6    1.4
